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1. Introduction
In the past few decades, several experimental collaborations have measured Collins single
spin asymmetry. This asymmetry provides correlation between parton transverse polarization in a
transversely polarized nucleon and transverse momentum of the produced hadron which indicate
existence of non-vanishing transverse momentum of interior quarks and collinear picture is no
longer sufficient to describe the transverse structure of nucleons.
Many phenomenologycal models have addressed this interesting phenomenon [1]. Most of
the model calculations consider Gaussian Anstz for TMDs and FFs to extract the corresponding
distribution functions from the fitting of the asymmetry data. A simultaneous extraction of Collins
function and transversity distribution is proposed by Anselmino et.al. [2, 3] from Collins asymme-
try data of HEREMS and COMPASS.
The QCD factorization scheme for Semi-Inclusive Deep Inelastic Scattering(SIDIS) allow to
factorize the cross-section for the one photon exchange process `N→ `′hX as
dσ `N→`
′hX =∑
ν
fˆν/P(x,p⊥;Q
2)⊗dσˆ `q→`q⊗ Dˆh/ν(z,k⊥;Q2); (1.1)
where fˆν/P(x,p⊥;Q2) represents the transverse momentum dependent parton distribution func-
tions(TMDs), dσˆ `q→`q represents the heard scattering which is a point like QED scattering medi-
ated by a virtual photon and the third term and Dˆh/ν(z,k⊥;Q2) is for fragmentation functions(FFs).
Such a scheme holds in small Ph⊥ and large Q region, P2h⊥ ' Λ2QCD  Q2. At large Ph⊥, quark-
gluon corrections and higher order pQCD corrections become important. In the γ −N center
of mass frame, the kinematical variables are defined as x = Q
2
2(P.q) = xB, y =
P.q
P.` =
Q2
sx and z =
P.Ph
P.q = zh. We use the light-cone coordinates x
± = x0± x3 and momentum of the incoming proton
is P≡ (P+, M2P+ ,0⊥). The struck quark of momentum p≡ (xP+, p
2+|p⊥|2
xP+ ,p⊥) interact with a virtual
photon and transferred the energy of amount Q2 = −q2. The fractional energy transferred by the
photon in the lab system is y and the energy fraction carried by the produced hadron is z= P−h /k
−.
The momentum carried by the produced hadron is Ph ≡ (P+h ,P−h ,Ph⊥). In this frame, though the
incoming proton dose not have transverse momentum, the constituent quarks can have non-zero
transverse momenta which sum up to zero. p⊥,k⊥ and Ph⊥ are the transverse momentum carried
by struck quark, fragmenting quark and fragmented hadron respectively. The relation between
them, at O(p⊥/Q), is given by k⊥ = Ph⊥− zp⊥. The polarised SIDIS cross-section is written in
terms of structure functions as [4]
dσ `(S`)+P(SP)→`′PhX
dxBdydzd2Ph⊥dφS
=
2α2
sxy2
{
1+(1− y)2
2
}
FUU + ...
+ST
[
(1− y)(sin(φh+φS)Fsin(φh+φS)UT + ...
]
+ ... (1.2)
at O(p⊥/Q). Where the proton polarization vector is defined as SP ≡ (ST cosφS,ST sinφS,SL) and
the quark polarization vector is defined as Sq ≡ (SqT cosφSq ,SqT sinφSq ,SqL). The weighted structure
functions, Fw(φh,φS)S`S is written as a convolution of TMDs and FFs as
Fw(φh,φS)S`S = C [w fˆ (x,p⊥)Dˆ(z,k⊥)]
1
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= ∑
ν
e2ν
∫
d2p⊥d2k⊥δ (2)(Ph⊥− zp⊥−k⊥)w(p⊥,Ph⊥) fˆ ν(x,p⊥)Dˆν(z,k⊥), (1.3)
where fˆ ν(x,p⊥) and Dˆν(z,k⊥) represent leading twist TMDs and FFs respectively. The Collins
asymmetry is written as
Asin(φh+φS)UT (x,z,Ph⊥,y) = 2
∫
dφhdφS[dσ `P
↑→`′hX −dσ `P↓→`′hX ]sin(φh+φS)∫
dφhdφS[dσ `P
↑→`′hX +dσ `P↓→`′hX ]
=
4pi2α2 (1−y)sxy2 F
sin(φh+φS)
UT (x,z,Ph⊥,y)
2pi2α2 1+(1−y)
2
sxy2 FUU(x,z,Ph⊥,y)
=
4pi2α2 (1−y)sxy2 C
[
Ph⊥−z(Pˆh⊥.p⊥)
zMh
hν1 (x,p
2
⊥)H
⊥ν
1 (z,k
2
⊥)
]
2pi2α2 1+(1−y)
2
sxy2 C [ f
ν
1 (x,p2⊥)D
h/ν
1 (z,k2⊥)]
. (1.4)
Where the P↑ and P↓ represents the transverse polarization of proton along positive and negative
directions respectively.
2. Model Calculations
We predict the Collins asymmetry by calculating the unpolarised TMDs and transversity
TMDs in a recently proposed light-front quark diquark model(LFQDM) [5] for the SIDIS process
`N → `′Xh at µ2 = 2.5 GeV 2 and compare with the experimental data measured by COMPASS
and HERMES for pi+ and pi− channels. In this model, we assume that one of the three valence
quarks of nucleon interacts with the virtual photon and other two valence quarks form a diquark
of spin-0(Scalar Diquark) or spin-1(Vector diquarks). The proton state is written as two particle
bound state of a quark and a diquark having a spin-flavour SU(4) structure.
|P;±〉=CS|u S0〉±+CV |u A0〉±+CVV |d A1〉±. (2.1)
Where | u S0〉, |u A0〉 and |u A0〉 are two particle states having isoscalar-scalar, isoscalar-axial vector
and isovector-axial vector diquark respectvely [6]. The states are written in two particle Fock state
expansion with Jz = ±1/2 for both the scalar and the axial vector diquarks [5]. The two particle
fock state wave functions are adopted from soft-wall AdS/QCD prediction [7] and modified as
ϕ(ν)i (x,p⊥) =
4pi
κ
√
log(1/x)
1− x x
aνi (1− x)bνi exp
[
−δ ν p
2
⊥
2κ2
log(1/x)
(1− x)2
]
. (2.2)
We use the AdS/QCD scale parameter κ = 0.4 GeV as determined in [8] and the quarks are assumed
to be massless. The parameters aνi ,b
ν
i and δ ν are fixed by fitting the Dirac and Pauli form factors.
In the light-front formalism, the TMDs correlator at equal light-front time z+ = 0 is defined
for SIDIS as
Φν [Γ](x,p⊥;S) =
1
2
∫ dz−d2zT
2(2pi)3
eip.z〈P;S|ψν(0)ΓW[0,z]ψν(z)|P;S〉
∣∣∣∣∣
z+=0
(2.3)
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for different Dirac structures Γ = γ+,γ+γ5 and iσ j+γ5. We choose a frame where the proton is
collinear with photon and the final hadron has transverse momentum. The proton spin components
are S+ = λN P
+
M , S
− = λN P
−
M , and ST with helicity λN .
In the LFQDM, the explicit form of f1 and h1 TMDs are given by
f ν1 (x,p⊥) =
(
C2SN
ν2
S +C
2
V
(1
3
Nν20 +
2
3
Nν21
)) ln(1/x)
piκ2
[
T ν1 (x)+
p⊥
M2
T ν2 (x)
]
exp
[−Rν(x)p2⊥],(2.4)
hν1 (x,p⊥) =
(
C2SN
ν2
S −C2V
1
3
Nν20
)
ln(1/x)
piκ2
T ν1 (x)exp
[−Rν(x)p2⊥], (2.5)
where, T ν1 (x) = x
2aν1 (1− x)2bν1−1; T ν2 (x) = x2a
ν
2−2(1− x)2bν2−1; Rν(x) = δ ν ln(1/x)
κ2(1− x)2 . (2.6)
The values of the model parameters aνi ,b
ν
i (i = 1,2) and δ ν are given in [5] at initial scale µ0 =
0.8 GeV . The pre-factors containing C j and Nk( j,k = S,0,1) are the normalized constants which
satisfy the quark counting rules for unpolarised TMDs.
We use Gaussian anstz for fragmentations functions as discussed in Ref. [2, 3]. The values of
the parameters are listed in [3] and Dh/ν1 (z) is taken from the phenomenological extraction [9].
3. Collins asymmetry in LFQDM
In this model, using the TMDs from Eqs.(2.4-2.5) and FFs from [3, 9] the explicit expression
for Collins asymmetry reads as
Asin(φh+φS)UT =
2(1−y)
sxy2
Ph⊥
√
2e
Mh ∑ν e
2
ν hˆ
ν
1 (x)N
C
ν (z)D
h/ν
1 (z)
〈k2⊥〉2C〈p2⊥〉x
〈k2⊥〉〈P2h⊥〉C
e−P
2
h⊥/〈P2h⊥〉C
〈P2h⊥〉C
1+(1−y)2
sxy2 ∑ν e
2
νN
ν
f1
ln(1/x)
piκ2
[
T ν1 (x)+
〈m2⊥〉
M2 T
ν
2 (x)
]
Dh/ν1 (z)〈p2⊥〉x e
−P2h⊥/〈P2h⊥〉
〈P2h⊥〉
, (3.1)
where, hˆν1 (x) =
(
C2SN
ν2
S −C2V 13Nν20
)
ln(1/x)
piκ2 T
ν
1 (x), 〈p2⊥〉x = 1/R(x) =
κ2(1− x)2
δ log(1/x)
, (3.2)
Nνf1 =
(
C2SN
ν2
S +C
2
V
(1
3N
ν2
0 +
2
3N
ν2
1
))
, 〈k2⊥〉C = M
2
h〈k2⊥〉
M2h + 〈k2⊥〉
, (3.3)
〈m2⊥〉=
[
〈k2⊥〉〈P2h⊥〉+ z2P2h⊥〈p2⊥〉x
]
〈p2⊥〉x
〈P2h⊥〉2 , 〈P
2
h⊥〉C = 〈k2⊥〉C+ z2〈p2⊥〉x. (3.4)
Since the COMPASS and HERMES experiments measure the the asymmetries at higher scale,
scale evolution of the TMDs and FFs are needed to have a model prediction to the experimental
data. Here we use the LO parametrization for fragmentation functions at the scale 2.5 GeV 2( which
is the average Q2 values of the HERMES experiment). Therefore, for consistency, we evolve
the TMDs to the scale µ2 = 2.5 GeV 2 to give a model prediction for Collins asymmetry. We
perform the evolution of the TMDs(Eq.(2.4-2.5)) in two different approaches: one is the reduced
QCD evolution approach discussed in [10] and other one is the parameter evolution approach of
LFQDM proposed in [5, 11]. In this model, we compare the QCD evolutions generated with
two different kernels: the kernel R˜(µ,µ0,bT ) and the reduced kernel R(µ,µ0) which is defined as
3
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Figure 1: (Color online) Model prediction to Collins asymmetry within HERMES kinematics are presented
and compared with experimental data by HERMES Collaboration [12] for pi+(upper row) and pi−(lower
row) channels. The continuous(pink) lines with error regions(gray) represent the results corresponding to
the QCD evolution of TMDs [13, 10] and the dashed(blue) lines represent the results where the TMDs are
evolved in parameter evolution approach [5].
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Figure 2: (Color online) Model prediction to Collins asymmetry within COMPASS kinamatics are presented
and compared with experimental data by COMPASS Collaboration [14] for pi+(upper row) and pi−(lower
row) channels. The symbols and linestyle are same as used in Fig.1.
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R(µ,µ0)≡ R˜(µ,µ0,bT →∞) as discussed in [10] and found a very insignificant difference between
them. So, we use the reduced kernel to solve the evolution equation analytically.
The Collins asymmetry written in Eq.(3.1) is a function of the variables x,z,y and Ph⊥ at a
given scale µ . Since experimentally the asymmetries are measured with one variable at a time, one
has to integrate the denominator and numerator of Eq.(3.1) separately over all the other variables
within the corresponding kinematical limits. Our model predictions to the Collins asymmetries
are shown in Fig.1, for the HERMES kinematics 0.023 ≤ x ≤ 0.4, 0.2 ≤ z ≤ 0.7 and 0.1 ≤ y ≤
0.95, at the scale µ2 = 2.5 GeV 2 and compare with HERMES data for pi+ and pi− channels. The
first, second and third columns are the variation with x,z and Ph⊥ respectively. The upper row is
for pi+ channel and the lower row is for pi− channel. The continuous lines(pink) represent our
model results when the TMDs are evolved in reduced QCD evolution and the dashed lines(blue)
are the model result when TMDs ate evolved in parameter evolution approach. The gray errorbars
represent the error corresponding to the continuous(pink) lines. A large contribution to the errors
comes from the uncertainties of the parameters of FFs [3]. Error corridor corresponding to the
parameter evolution approach is not included to avoid clumsiness in the figure. Note that the
evolution of the parameters in LFQDM are consistent with the DGLAP evolution of unpolarised
PDFs. Therefore the generalization of this evolution approach to TMDs may not give satisfactory
results for individual TMD evolution. But for the case of Collins asymmetry which involves the
ration of the TMDs, the common contributions in the numerator and denominator get partially
cancelled and give quite satisfactory results.
In Fig.2, we also present our model results for Collins asymmetries within the COMPASS
kinematics 0.003 ≤ x ≤ 0.7, 0.2 ≤ z ≤ 1.0 and 0.1 ≤ y ≤ 0.9, at the scale µ2 = 2.5 GeV 2 and
compare with the experimental findings by the COMPASS collaboration.
4. Conclusions
Here we have presented the results of Collins asymmetries for proton in a SIDIS process
using a light-front quark-diquark model where the wave functions are constructed in the AdS/QCD
prediction. Our results have reasonably good agreements with the HERMES and COMPASS data
within the error bars except for the higher values of Ph⊥. The evolution of Collins asymmetry is
provided by the evolution of TMDs and we present the model prediction for reduced QCD evolution
approach and the parameter evolution approach. The proposal of the parameter evolution approach
shows reasonably good results like the QCD evolution approach in both the kinematical regime. We
found a positive asymmetry for pi+ channel and negative asymmetry for pi− channel as observed in
experimental measurements. It will be interesting to investigate other azimuthal spin asymmetries
in this model and compare with experimental data.
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